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Abstract   Math word problem solving capability is a synthesis of reading comprehension, background knowledge recall, and math computation ability. The primary purpose of this case study was to determine if repetition and practice of translating algebraic sentences from English to numeric expressions was beneficial to a student when assessed on translating sentences into algebraic equations. The 14-day intervention also included the practice by example of algebra concepts of solving rates and proportions, the use of the balancing method to solve equations, and solving linear models.  A secondary question asked whether this intervention would improve a student’s score on the TOMA-2 Subtest 4 Word Problem portion of the assessment. The data collected from this intervention determined that practice and repetition of translating English phrases of expressions to numeric sentences was beneficial to a student being able to successfully translate a basic word problem into an algebraic sentence. Through observations and data collected there was no evidence that this intervention increased the student’s score from a pretest and posttest of the TOMA-2 Subtest 4 Word Problem portion of the assessment.        
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Chapter 1 Introduction  This chapter is an introduction to the student who participated in the 14-day math word problem intervention case study and includes a description of his strengths and needs. Following the discussion of the student, is a description of the intervention plan and how the intervention applies to the Wisconsin State Common Core Standards. This overview describes the case study and its relationship to the student and his needs.  Introduction to the Student  Robert is an African-American male currently enrolled to attend 10th grade at Rufus King High School in Milwaukee, Wisconsin. Rufus King is considered one of the top-performing schools in the Milwaukee area. Robert is a regular education student with no known or documented need for special education. Prior to his enrollment at Rufus King, Robert attended a number of different middle schools in an attempt to help him get through some behavior challenges he was having. He described these challenges as a result of his making poor decisions and associating with the wrong friends. Robert, due to these moves, had missed a half a semester of algebra his 9th grade year.   Throughout Robert’s academic career, Robert’s mom actively sought academic support for Robert through Cardinal Stritch’s Literacy Center. Through the years Robert showed growth and academic gains, which eventually placed him above grade level in all areas of reading and writing. As a result, it was determined 
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that Robert demonstrated no further need for academic support or intervention from the Literacy Center.  Student Strengths  Robert has particular strengths in decoding and word identification. In word identification he was given the QRI high school word list and tested out by identifying 100% percent of all words correctly. His particular strength is decoding. He was given the Woodcock Reading Mastery Tests-Revised/NU Word Attack Test and placed at the 12.1 grade level. When Robert was observed reading, his fluency was very expressive and he read with confidence and appropriate phrasing. Vocabulary was tested using the Woodcock Reading Mastery Tests-Revised/NU Word Comprehension Test and tested with a 9.2 grade equivalency. In reading comprehension Robert demonstrated a grade equivalency of 7.8, which was at grade level at the time. Student Needs  In the past, Robert has had a difficult time making the appropriate decisions in the classroom setting. As a result, in the last two years he has moved to a number of different schools and missed an equivalent of the first semester of algebra. Robert’s mom has shown concern for this deficit and specifically asked that our intervention address the main concepts, which Robert has missed, as a way of helping him prepare for his first year in high school.   When asking Robert what he felt his needs were, he explained that he didn’t know how to show his work. He also explained that in the past he sometimes lacked focus and got caught up with the wrong friends. He said that he has learned to make 
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better decisions and he hoped that the decisions he made in the past wouldn’t affect getting into a good school.  Intervention Design  The focus of this intervention was to try to cover the main concepts outlined by the High School Common Core Standards in algebra and touch on some of the main concepts that a 9th grade algebra class would cover. By covering these concepts Robert would be more prepared for his high school math career. This raised a number of concerns in regards to the design of this intervention because it was originally designed and intended for a student in special education. The original research candidate was in 7th grade and was reading and solving math comprehension problems around the 4th grade level. This student was unable to complete the research; thus, I was given Robert as another research candidate. The original design was to focus on vocabulary, translation of words into math operations, and strategies to help solve math word problems. It was to begin with the student taking the TOMA-2 math word problem portion of the assessment and ending the 14-day session with TOMA-2 as a posttest.  I created a graphic organizer to help the student learn the vocabulary associated with the math concepts. I created a second graphic organizer that helped to organize the different parts associated with a word problem and a list of 12 steps that would help the student remember how to work through each problem. Lastly, I made a series of flash cards to help the student remember the words associated with each math operation.  This was the repetition aspect of the design.  The original intervention was designed to use each of these strategies each day for the entire 14-day intervention.   
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 When Robert became the focus of the new intervention, I redesigned the intervention to accommodate Robert’s immediate needs. The plan was to begin the intervention with the TOMA-2 word problem portion as the pretest and finish the intervention with the TOMA-2 as the posttest. This would give me an indication if our 14-day intervention helped him improve a standardized test score on solving word problems. The one-hour session was to begin with having Robert translate 20-word phrases two times/hr. into algebraic numeric expressions. The first ten minutes of the one hour session would be begin with him translating 20 phrases and the last 10 minutes of the session he would translate another 20 phrases that were different from the first 20 phrases. This was to be done using flash cards. Robert would look at the word phrase, write down the translation on a data-recording sheet, and turn over the card to check his answer. He would mark the box to determine if he was correct or incorrect and then move on to the next one.   Originally, I planned to use the vocabulary organizer, 12-step word problem solving strategy and word problem organizer with Robert to see if it was appropriate for his needs. I had no intention on forcing Robert to use these unless he felt that they were beneficial to his learning.  The plan was to use them in the beginning. If he liked them and felt they helped, we would continue to use them for the remainder of the session. If he felt they were of no benefit, I would discontinue using them at that time. This decision was made because of the short amount of time we had to cover the many different algebra concepts Robert needed to be exposed to.   
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 The method I intended to use for teaching Robert algebra concepts was by demonstrating an example of each type of problem and then using prompting and questions to help him think through and solve each problem. In many cases an algebraic method, such as the balancing method or cross-multiplying needs to be learned prior to solving a word problem. The word problem gives the information needed for the student to then employ the method he has learned to correctly solve the problem. For example, to solve a linear model word problem requires that a student have an understanding of the balancing or another method used to set up and solve the problem. This required me to teach Robert the balancing method before I could teach him how to solve a linear model problem.  Once Robert demonstrated an understanding of using the balancing method, we moved on to applying these skills to word problems that required a linear model to solve. Before we moved from one concept to another, I assessed Robert’s independent skills with an assessment that contained the content from the previous days’ instruction. This was what was used to assess what Robert had learned and if he had the tools necessary to apply those skills to word comprehension problems. The last two days were used to assess what Robert learned through out the previous 12 days. He was assessed with a posttest I created to demonstrate what he retained and could apply at that time.  The next assessment tested whether Robert could apply his skills translating English phrases to algebra expressions to English word problems that were to be translated from English into algebraic equations. To conclude, the 14-day intervention was completed with Robert taking the TOMA-2 word comprehension 
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portion of the assessment as a posttest.  This intervention was designed according to the Common Core Standards, which will be discussed in the following section. Connection to Common Core Standards  The Common Core Standards are a standardized set of math and English academic standards that provide teachers and parents a list of real world applicable skills that students are working to learn.  The skills I included in Robert’s 14-day intervention were specifically included to meet these standards.  The first standard that applied was: “Recognize situations in which one quantity changes at a constant rate per unit interval relative to another.” This standard was covered in the first few days of the intervention while working on proportions and rates.  Following working with rates, we worked on solving equations with one or more variables and then applied those skills to solve word problems that required using a linear model to solve.  These skills were specific to two standards: for example the first, “Create equations and inequalities in one variable and use them to solve problems. Include equations arising from linear and quadratic functions, and simple rational and exponential functions. “ and the second, “Interpret the parameters in a linear or exponential function in terms of a context “(Common Core Standards 2010). The significance of having standards is evident in this case as it gave us a specific direction and focus on what to cover during the intervention. Robert’s upcoming algebra class and future math experience would be focusing on these standards so I knew that this intervention would be beneficial to his success and growth as a high school student.   
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Conclusion  In conclusion, I introduced Robert as our research candidate, discussed his strengths, and needs, and described how these factors led to the design of this intervention. The Common Core Standards provided specific skills that Robert was in need of learning and understanding and ultimately provided the framework for the content that was covered in this intervention. The following chapter consists of a body of research by other researchers that further helped to guide this intervention. The research included in Chapter 2 provided evidence of teaching methodologies that either were found to be successful or unsuccessful and contributed to how the 14-day intervention was implemented.               
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Chapter Two  Review of Literature   The purpose of this study is to investigate to what extent the repetition of algebraic expressions alone will aid a student in the ability to translate simple English word problems into algebraic sentences. The study also considered this question: Would a short-term intervention, including strategies in solving proportions and linear model comprehension word problems, and the needed prerequisite skills to solve these problems help improve a standardized test on math reading comprehension? The final step investigated was whether instruction to show work on these word comprehension problems would help to improve an assessment score of the TOMA-2 standardized test in math reading comprehension. The following literature review is an investigation into what researched strategies and practices improved students’ comprehension of math word comprehension problems and were found to help improve students’ assessment scores over the course of a given treatment period.    To begin understanding our purpose I wanted to get a picture of how well students were demonstrating their understanding of translation of English to algebraic sentences or vice versa. I began with a study that investigated how a population of 668 students across two states performed when asked to translate English into algebraic sentences.  This research was part of a five-year grant that was conducted as a Middle School Mathematics Project between the University of Delaware and Texas A & M. Its purpose was to assess students ability translate words into linear equations from 
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verbal representation. A major underpinning of this work was to determine if responses to the assessment determined if the students’ understanding of the task was conceptually based or procedurally based.  The students’ who participated in the research were 668 middle-school students in 25 teachers’ classrooms. The study took place 2003-2004 across Delaware and Texas. Students were diverse in ethnicity, school district and socio-economic status. Ethnicity on average consisted of an equal amount of male and female students whose backgrounds were White, Black, Hispanic, and Asian. (Capraro M. M, Joffrion  H. 2006)  Two forms of the algebra assessment were administered. Both assessments contained seven multiple choice, seven short answer, and one extended response question. Specifically, three questions were examined to provide the clearest look at the students’ understanding of translating written words into algebraic equations.   The results of assessment multiple-choice question 1 determined that 54.7% of students chose the correct response. Multiple-choice question 2 showed 33.5% of students answered with the correct response. Item 3, which was short response, showed 43.1% of students answered this question correctly.  Overall it was determined that 22% of students showed a strong conceptual understanding of the problems, 43% of students showed some indication of conceptual understanding, and 35% of students had shown no understanding of the problems. (Capraro M. M, Joffrion  H. 2006) M. Capraros and H. Joffrions determined that “vocabulary plays an important role in mathematics conceptualizations.” (Capraro M. M, Joffrion  H. 2006) 
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 This study established not only a need for more research into English translation to algebraic sentences but found that vocabulary played an important role in a deeper conceptual understanding of this skill. It also reinforced my own ideas about the need for students to make gains in this particular of area of algebra.   Classrooms often consist of students who demonstrate a wide range of abilities. In many cases high-functioning students are combined with students who receive services in Special Education with teachers being expected to meet the demands of a wide range of learning abilities. For this study it was important to understand the kinds of learners and what type of strategies may best improve a student’s understanding of math word comprehension solving abilities.   The purpose of L. Lowery’s research was to uncover which strategies and interventions teachers used in inclusive Algebra I classrooms that administrators felt were successful in their schools. It addressed which teacher practices were currently successful in their classroom. The questions addressed in this study covered what the conditions were in the classrooms, how regular and special education teachers’ plan in the classroom, and finally what kinds of accommodation and differentiation techniques these teachers employ to find success in their classrooms.   This qualitative study was done in a suburban county in the northern part of Virginia. The district served more than 165,000 students, 22,000 received special education services. (Lowery 2003) In this study three schools participated in the research. School one served approximately 1456 students, 90% regular education students and 23% receiving special education services. (Lowery 2003) At School 
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one about 35% of the students were eligible for free and reduced lunch. The participants at School one included four students and one general educator. School two maintained 1767 students, 87% regular education, and 23% special education. (Lowery 2003) At School two approx. 35% of students received free and reduced lunch. As in School one, participants for this study included a four-member student focus team and one general educator. School three in this study had a student population of 1944, 92% regular education, and 21% special education. At School three 25% of the students were eligible to receive free or reduced lunch. (Lowery 2003) The participants at School three included one special education teacher and a five-member student focus group.  The data that was collected was in the form of interviews, documents, and observations. In all, three teachers and 14 students participated in recorded 20 -25 minute interviews that asked questions that were formed by algebra teachers who participated in the study.  The documents that were used were in the form of student grades and end of the year test results. Lowery performed informal and formal observations in not only co-taught inclusive classrooms but in what was considered a gifted and talented class and a self-contained classroom.   The results of Lowery’s study described evidence from four major domains: planning, class climate, accommodations, and use of time. It was evident from the data that was collected that teachers were not given enough time for planning in the inclusive classroom setting, and it was recommended that administrators allow for more planning time between teachers who are expected to teach in inclusive settings. Students within these classes felt teachers fostered positive classroom 
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climates, were concerned for their success, rewarded positive efforts, and engaged them in humorous friendly conversation.” Students felt valued and included in the learning environment.” (Lowery 2003) In Lowery’s data it was found that within these three cases, teachers taught procedures, used their time efficiently to move students between whole group and small group, and also monitored student progress. A major point I felt Lowery demonstrated in research was that accommodations that were meant to be beneficial for special educations students appeared to benefit the entire class. Some of the techniques employed were collaborative grouping strategies, one-on-one instruction, and hands-on activities. Lowery did not go into specific academic strategies that demonstrated increased academic gains; however, her research did describe situations that seem to best help students find success in an inclusive classroom setting.   From Lowery’s research and from my own experience as a Special Education teacher in an inclusive 9th grade algebra class, it appeared that strategies often recognized as strategies specifically for special education students benefitted all students in the classroom. The questioned remained as to what strategies might best help these students, regardless of them being classified as regular education or special education students.  L. A. M.Felix (2012) in her thesis, Teaching Math Word Problems to Students 
with Learning Disabilities intended to investigate the effect teaching vocabulary and self-regulation strategies had on students with LD when computing mathematical word problems. She also studied the way the material was presented and examined if the way it was presented improved the students’ assessment scores. The 
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assessment and instruction that was given particularly applied to solving word problems with percentage.  This study took place in an urban middle school where eighty-nine percent of the student population at the school qualified for free and reduced lunch.  The population of students who participated in this study was comprised of a total of 13 seventh grade students who received free and reduced lunch and attended a special day program in a mathematics classroom. All 13 students had a specific learning disability (SLD). Of these 13 students, five were female, and eight were male. All students were between the ages of 12 - 14. Eight of the 13 students were Hispanic, four of the students were African-American, and one student was Caucasian.   The 13 students were split into two groups: a control group and a treatment group. The study took place over the course of 25 consecutive school days. Each class period was 55 min. long, except on Tuesdays in which the period was 41 min. long. During the 41-minute periods students used vocabulary to make graphic organizers, poster boards, and comic strips. This was the same for both the control group and the treatment group. These were vocabulary words students would be seeing and using to solve percentage word problems. During the other 20 days instruction was divided into two 25-minute periods each for the treatment group and the control group. For the first 5 min. the treatment group was given hands on objects like price tags, newspaper articles, and fake money to use to create word problems. The control group was asked to visualize scenarios and engaged in meaningful discussions during those 5 minutes. The treatment group’s second step was 15 min. and included a four-step self-regulation checklist, which took them 
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through solving the word problem. The control group did not use a self-regulation checklist but discussed the steps necessary out loud or in groups to identify the necessary steps to solve the problem. Finally, the last 5 min. was dedicated to vocabulary development. In this case, the control group and the treatment group received the same instruction.  After the study, data was collected via observation, analyzing pre- and post-test assessments, informal observations, student work samples, and self-regulation checklists. (L. A. M.Felix 2012) The results of this study showed the control group made a greater improvement than the treatment group in all aspects of the assessment. (L. A. M.Felix 2012) This led L. A. M.Felix(2012) to conclude that real life materials such as receipts, price tags, etc. did not improve students’ vocabulary assessment scores; however, it should be noted that the treatment group was observed to be more actively engaged in the lesson than the control group. It was also found that the absence of self-regulation did not contribute to lower assessment scores as it pertained to this study.  From this study I can draw a number of conclusions: 1) Implementing a self-regulation checklist in my intervention may not help to improve assessment scores. 2) Using hands on materials, otherwise known as (RLC) or real life connections such as receipts, price tags, newspaper articles, etc., may not help to increase assessment scores in LD populations. It is interesting to note that the control group who engaged in conversations about these items as they pertained to their own experiences did seem to show some improvement on assessment scores. This tells me that engaging the student in discussions about his own experiences, as he relates 
 15 
to the word problems, may trigger long-term memory recall and as a result affect and improve assessment scores.   The purpose for the research done by P. A. Hartman(2007) in her dissertation, Comparing Students with Mathematics Learning Disabilities and 
Students with Low Mathematics Achievement in Solving Mathematics Word Problems, was to identify any underlying correlations between a number of different variables associated with solving mathematical word problems and reading achievement. Hartman’s study proposed a number of other hypotheses, but for the purpose of this study I will be focusing on one particular question: Are there any underlying factors that these two populations of students exhibit that are related to both solving word problems and reading achievement? (Hartman P.A 2007)  The population and demographics for this study included 62 sixth grade students who were between the ages of 11 and 13 yrs. 11 months. The study took place in two public middle schools in general mathematics classrooms. The 62 students who participated were ethnically diverse, including two Asian, 34 Caucasian, 15 Hispanic, and 11 African-American students. Thirty-five of these students were females and 27 were males. In the group of 62, 26 students received free and reduced lunch and 36 paid full price. Of the two middle schools selected one school had 61.44% of its students receiving free and reduced lunch and the second school had only 24.6% of its students receiving free and reduced lunch. The students who participated had no physical or emotional disabilities and had a minimal IQ of 80. (Hartman P.A 2007) 
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 To assess the student’s word problem solving ability an informal assessment was given. The test questions were read to the students and each student was also given a text copy of the problem to solve. The student’s solution was broken down into the categories: computation, operations, translation, and no attempt. The student’s solution was analyzed for correctness and errors. The students’ reading achievement was measured by the Woodcock-Johnson III Tests of Achievement (WJ III ACH ) and the Clinical Evaluation of Language Functions-4th edition (CELF-4) subtests. (Hartman P.A 2007)  The results of Hartman’s study described two factors that were identified as correlations between reading achievement and word problems solving ability between students with learning disabilities and students with low math achievement. Those two factors were abstract thinking, which included analyzing/reasoning and language comprehension, and retrieval from long fixed memory. Therefore, Hartman concluded that there were underlying factors associated with solving word problems and reading achievement. (Hartman P.A 2007)  The student who is the focus of this study is a regular education student who at one time fell into the category of low math and reading achievement. The main purpose of using this study in my own research was to identify any underlying factors that may be associated with reading achievement and solving word problems. Those two factors: abstract thinking and retrieval from long-term fixed memory are likely factors that will affect my research subject’s ability to solve word problems both now and in the future. I may need to focus on these two areas in my 
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intervention. The last two studies both showed that long-term fixed memory plays an important role in solving math word comprehension problems.   Because these last two studies pointed to the fact that long-term fixed memory is important in comprehension, I wanted to know if the strategy of personalizing a word problem may trigger long-term fixed memory or improve a student’s assessment score.   E. Bates and L. Wiest’s(2004) study investigated if personalization of word problems improved word problem scores, regardless of reading ability or word problem type. E. Bates and L.Wiest(2004) found evidence suggesting, prior to their study, that personalization of word problems did in fact improve word problem assessment scores. Their goal was to add to the body of knowledge already existing, as it pertained to students, to see if personalization of word problems helped students improve assessment scores.   The sample for this study included 42 fourth-grade students from a lower-income community in rural Nevada. Of these 42 students, 22 students were males and the other 20 students were females. All 42 students participated in a data collection session, which ranked 20 of the participants according to their reading ability as high, 8 of those students ranked medium, and the 14 were considered low. (Bates, E. T., Wiest, L. R. 2004)   The study began with an interest survey being distributed to the participants in the study that asked for friends’ names, favorite stores, games, cars, and places to shop. Two assessments were created. The test questions came from the text that had been chosen by the school district for teaching third-grade mathematics. Each 
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assessment contained 10 word problems. Five of the 10 questions were personalized by changing names, objects, or places, etc. with each individual student’s responses to the interest survey, the other 5 questions were left impersonalized.  The first assessment was given and two weeks later the second assessment was given. In all, each participant answered 20 word problems, 10 problems that were personalized and 10 similar problems that were not personalized (Bates, E. T., Wiest, L. R. 2004).  The results of this study showed that student assessment scores did not statistically improve as a result of including personalized word problems on the assessment. E. Bates and L. Wiest’s(2004) felt the small sample size and the simplicity of the experiment could have been contributing factors in the outcome of this study. One effect E. Bates and L. Wiest did observe was that student’s interest and excitement had increased and improved when solving the personalized word problems (Bates, E. T., Wiest, L. R. 2004).  This implies that including personalized information in my own intervention study may not directly help to improve Robert’s assessment score; however, other research has shown that personalized information may improve scores. This study does suggest that including some personalized content within the context of my intervention may help to improve engagement, focus, and attention to the word problems we are working to solve. Considering Robert has struggled in the past with paying attention to instruction, this may help to improve his motivation and interest and reduce the overall feeling of monotony and lack of enthusiasm that sometimes comes with solving word problems. 
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 The studies so far have indicated what may or may not help assist a student improve his or her assessment score or improve his or her ability to solve a math word comprehension problem. One study did show that diagramming a word comprehension problem, focusing on vocabulary and symbols did help improve students’ comprehension and improve the students’ assessment scores.  B. Banerjee in his dissertation, The Effects of Using Diagramming as a 
Representational Technique on High School Students’ achievement in solving Math 
Word Problems hypothesized that using a diagramming method to solve math problems would significantly improve student achievement in the experimental group. (Banerjee 2010) The study was performed for six weeks over the course of an instructional unit on solving math word problems. During the 6-week instructional period a number of different strategies would be taught with a focus on teaching math vocabulary.   The study took place in an urban school district in northern New Jersey. The research participants included 172 Hispanic students, who were English language learners in grade 11, and African-American students whose first language was English. The students were from 18 different classes. Of the 172 students used in the experiment, 88 of those students were in the control group and in 10 different classes. The 84 students who were in the experimental group came from 8 different classes. (Banerjee 2010)  The methods and procedures used in this study began with a pretest. Following the six weeks of instruction, a posttest was given to both the control group and the experimental group. Along with the pretest and posttest B. Banerjee 
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analyzed student work samples, which covered five lessons in each area of three different units. Unit A covered word meaning, Unit B covered drawing diagrams and labeling, and finally Unit C used the diagrams to solve the intended word problem.   The results of the pretest showed that the control group out performed the experimental group; but after using the six-week instructional module, the experimental group out performed the control group on the posttest. In conclusion, high school ELL students benefited from instruction that placed emphasis on math vocabulary and symbols.  Students most greatly benefited from diagramming techniques when students created and labeled diagrams that were involved in solving math word problems. (Banerjee 2010)   This study reinforces my hypothesis that focusing on vocabulary is an integral part of comprehending and solving math word problems. It also concludes that assessment scores will increase as a result of focusing on vocabulary, diagramming and solving math word problems with accuracy.   Another strategy I investigated was whether having students learn the properties of algebra, make corrections to algebra equations and create their own word problems would increase the students’ assessment scores. Creating their own word problems was linked to the past studies of personalization of word problems and the links to long-term memory retrieval. Would these strategies help improve the overall understanding, comprehension, and performance of students’ assessments of solving algebra word comprehension problems?   The purpose for this study was to see if students who were given additional practice and instruction on algebra properties, correcting errors, and 
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creating their own algebra problems would aid and improve their assessment scores when compared to a group which did not receive that same practice or instruction. In regards to my own research, it is important to know if there is any evidence that instruction in these skills will aid in the understanding, comprehension, and overall mastery of solving linear equations.   The participants in the study were sixty middle school students that fell between the ages of 12 – 14 years of age. The students attended what the author felt was a relatively affluent middle school in Southern California. The students were separated into a control and treatment group. The control group contained 11 honors seventh grade students and 20 regular eighth grade students. The treatment group consisted of two honors seventh graders and 27 regular eighth grade students. This population of students came from mostly middle to upper-middle class households and were of mostly Caucasian with some students of Korean, Chinese and Brazilian decent. (Frenn 2002)  Students were initially given a pretest but were not grouped according to the results of that assessment. The treatment period lasted six weeks and during that time period, six lessons were taught focusing on solving linear equations. Generally the lessons provided numerous examples and then provided a number of practice problems to solve. The treatment group was given explicit instruction on how to apply the properties of algebra. The treatment group was also asked to identify errors within algebra problems. Once they identified the problems, the students were expected to correct them and continue using the properties of algebra to solve the equation for the correct response. Finally, the treatment group was asked to 
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create and write their own linear equations and present them to the class. Following these lessons an assessment was given to both groups. A second follow-up assessment was also given approximately 10 weeks later to test for retention effects.   It should be noted that the results of the pretest showed that students in the control group had demonstrated a greater understanding of algebra concepts before the six-week instructional period began. The data presented in the study showed that the control group continued to demonstrate a greater understanding of these concepts throughout the treatment period. In the end the control group who did not receive the extra instruction outperformed the treatment group by a difference from the mean of 14.19%. (Frenn 2002). The results of the retention test showed both groups demonstrated a loss of understanding of the material, but once again the control group outperformed the treatment group by a difference of 13.82% from the mean scores. (Frenn 2002)  The amount of growth between the posttest and the retention test stayed the same for both the control group and the treatment group. Frenn noted that his research did not reinforce past research, which showed opposite results.  Considering the short time of my study, it may not be beneficial to focus on these skills to improve mastery of solving linear equations.   A study done by R. Morales, (Morales 1998) investigated how students mentally represent simple addition and subtraction in word problems and if the accuracy of their solution was related to their English proficiency.  A major underlying question asked if knowledge or comprehension of the underlying semantics in the word problem was necessary to arrive at an accurate solution of 
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the problem. This was investigated by using a number of comprehension questions that probed for understanding of the 14 word problems that were given. (Morales 1998)  Students who participated in the study were 119 Mexican/ Mexican-American 2nd - 5th grade students in a Late-Exit Bilingual classroom. Seventy-two of these students were considered high limited English proficient. Forty-seven were considered low limited English proficient. All students received primary instruction in Spanish; however, throughout the study the word problems were presented in both English and Spanish. (Morales 1998)  Students were first given 14 change, combine, and compare math word problems. Following the 14 questions, 4-7 probing comprehension questions were given to check the student’s understanding of the questions. Each of the probing questions was intended to assess the student’s knowledge needed to comprehend each of the 14 word problems. (Morales 1998)  The results of this study were found by examining the relationship between the accuracy of the student’s solution and the responses to 4-7 probing comprehension problems. Statistical analysis was used to determine that generally students who could answer the comprehension questions got the correct solution. In some cases, younger students (2nd graders) appeared to understand the problem by using the surface content of the problem to answer the comprehension questions but did not understand the underlying semantics of the problem to get the correct solution to the problem. It was found that students with higher English proficiency also got higher accuracy scores on both English and Spanish tests. Similarly, 
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students with lower English proficiency got lower accuracy scores on both tests. (Morales 1998)  The findings in this study support the idea that instructional focus should be placed on the comprehension of the story problem. This indicates that students must have a greater understanding of the deeper semantics of the word problem to get the correct solution. Students should be focusing on who is in the problem, what they are doing, when the problem is taking place and how these elements describe a situation. When these elements of the story problem are understood, they give the student a deeper understanding of the problem, which helps them to make the appropriate mathematical decisions to solve the problem for the correct solution.   These findings are leading me towards the idea of focusing on the variables that are contained within the word problem. It appears from Morales’s findings, that students who focus on the variables will not only gain a greater understanding of the word problem but, by doing so, have a greater chance of getting the correct solution to the problem.  It is extremely important when solving linear models that the student understands what the two variables are in the problem and how they may change given the conditions of the word problem.   One of the questions the study asked was: Would explicit instruction and focus on showing work help to improve a student’s assessment score? A study by P. J. Quirk looked at whether a model he implemented improved students’ ability to solve comprehension problems.  The purpose of the study conducted by P. J. Quirk in his thesis was to determine if a new strategy closely linked to reciprocal teaching was an effective 
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strategy in improving students’ ability to solve word problems. Though I did not use reciprocal teaching or this new strategy as a methodology, I did use a similar prompting strategy that Quirk used which involved recognizing unfamiliar words and focusing on showing work as a means of helping with comprehension. Reciprocal teaching is a strategy that offers an opportunity for small groups of students to follow a number of steps, which help them to probe deeper into the problem they are trying to solve. One of the underlying questions Quirk was asking was if students would use the strategy once they were given an independent task.  The population in this study was a classroom of 25 students from a suburban school in New Zealand. Of the 25 students, 9 of these students were boys and 16 students were girls. No other demographic or socioeconomic information was given by the study.  The intervention took place over 4 weeks. Students were placed into groups of four for a total of six groups and were taught a 5 step model (Figure it out Model), which consisted of: read it, plan it, solve it, check it and make connections. These groups were determined based on ability. Students with low to middle achievement were grouped together and students with middle to high achievement were grouped together. Level of achievement was determined from students participating in a standardized test, which gave a general idea of student ability level.  After 9 sessions the six groups were informally divided into 2 groups so the teacher could work with half the class at one time. Students still worked within their small groups, but the teacher was able to work with half the class to better meet their needs. The steps were modeled, taught, and retaught through much of the intervention.   
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The results of Quirk’s study showed that 11 out of the 25 students answered the posttest assessment question when working independently. This question was given as a pretest in the first activity to the groups, and no group was able to answer the question. Quirk had noted this as a significant improvement as a result of this intervention. Some students highlighted text and information or showed some evidence of working on the process of solving the answer but in the end did not give a final answer (Quirk 2010). In the end, Quirk felt that students had made significant gains using his strategy and that a similar strategy could easily be implemented and used in mathematics classrooms.  Quirk’s research, though different from mine, has supported the idea that focusing on unknown words and vocabulary, plus showing work will improve on a student’s ability to solve word comprehension problems. Considering my subject Robert in this investigation, I felt that using prompting strategies, developing a consistent practice of showing work, and having Robert focus on understanding the variables within the context of the word problem would be beneficial to his comprehension of the word problem.  One of the last studies researched asked if using worked out examples as a means of instructional guidance aided in the learning process of solving linear equations and translating English phrases into algebraic sentences. This study was the most relevant to my own work and the results gave me the best direction as to what was the most promising strategy I could use in aiding Robert in learning and improving his ability to translate word problems directly into algebraic sentences. W. Carroll tested two groups, one using worked out examples and the other group 
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used normal class instruction without the benefit of worked out examples. His purpose was to determine if worked out examples benefitted the learning process and to what extent they did so.  Originally, the 71 students who participated in this study were 15-17 years of age and enrolled in an urban high school located in a large midwestern city in the United States. “On the Test of Achievement and Proficiency (Riverside Publishing Company, 1989), 77% of the students at the school performed below the median in reading (47% were in the bottom quartile); in mathematics, 82% were below the median (53% were in the bottom quartile)”(Carroll 1994). In the end, 20 pairs of students participated in the study, 19 female and 21 male students.  Before the experiment took place the 71 students were given a 20-item assessment that measured their basic understanding of algebra. Students were then grouped in pairs, based upon these results. Prior to this experiment students had been learning to solve linear equations both by informal and formal methods. The experiment began with students doing a work sheet with three examples and three practice problems. Following this half, the pairs received a 24-question work sheet dealing with translation of English phrases into algebraic sentences with 12 of the problems worked out as examples. The other group received 24 practice problems with no worked out examples. The session lasted 20 minutes. During this time all students were allowed to receive help from the teacher, but students in the worked out samples group were referred back to the examples whereas the other group was given more specific formal instruction on how to translate the equations into algebraic sentences. After the 20-minute session a 10- question assessment was 
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given. Finally, students were given homework consisting of 20 problems. The one group received homework with example problems worked out. The second group did not. Once the students returned the following day, both groups were given a posttest.   The results of the ANOVA(Analysis of Variance between Groups) showed that the group that received worked out problems outperformed the other group on every measure. The results showed that students who had worked out examples made fewer mistakes, attempted more problems, completed more problems, and needed less assistance from the teacher. In all, students who received worked out problems answered 75% of questions correctly, compared to the conventional group, which got 45% correct (Carroll 1994). There were other benefits as well. Students who were identified as low achieving performed better when provided worked out examples. It also appeared to benefit students who were English Language Learners. These students could rely much more on the examples as a means of learning than trying to communicate their needs to the teacher. In conclusion, Carroll’s research demonstrates that students benefit in a number of different ways from worked out examples.   To further attempt to determine effective methodologies for solving word comprehension problems and translating English phrases to algebraic sentences, a research report was conducted that compared two methodologies: The Polya method and the Dahmus method. The purpose of the study was to assess the effectiveness of these two strategies when students were learning to solve verbal word problems. (Bassler, Beers, Richardson 1972) 
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 The student’s who participated in this study were 48 girls in a ninth grade algebra class at St. Cecilia Academy. This was a Catholic girls school in Nashville, Tennessee. The girls were thought to have been above average math students and had no previous instruction on translating verbal phrases or finding the solution to verbal problems. (Bassler, Beers, Richardson 1972)  The procedure used for this study began with two groups of students receiving a set of common instructions, which focused on variables within the word problems the students would be working to solve. The second day this strategy was reviewed and instruction was given on solving a simple linear equation. Following this instruction each group received individual instructions via slide show on either the Dahmus Method or the Polya Method. The Polya Method was broken into six steps, which instructed the students to read the problem, reread as necessary, determine the question being asked, identify variables, consider other information, write an equation, solve it, and finally check if the answer made sense given the context of the problem (Bassler, Beers, Richardson 1972). The Dahmus Method directed students to translate each phrase into mathematical statements. Once all values and phrases were translated students were asked to solve the resulting equation. Instruction for each group consisted of six 47-minute instructional periods, the seventh day was used as a day for students to use their instruction on practice problems similar to what they would receive during the posttest and retention testing periods.   The subjects were given a posttest and a retention test to determine the effectiveness of the two strategies. The results showed that the subjects who used 
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the Polya Method showed significantly higher mean scores than those who used the Dahmus Method when evaluating the equation criterion (Bassler, Beers, Richardson 1972). The retention test showed that both the Polya and Dahmus methods were effective with helping students retain the material learned. In all cases, the subjects showed higher mean scores on the retention test than on the posttest. As a result, it was concluded that both methods were beneficial for students solving more difficult problems than they were taught to solve. To conclude Bassler, Beers, and Richardson recommended that in general the Polya Method might be a more effective strategy and that a synthesis of these two methods may be most beneficial to learning how to solve word comprehension problems (Bassler, Beers, Richardson 1972).  Danielle D. Ricks in her thesis, Lost in Translation: Algebraic Modeling in the 
Middle School, offered some evidence of how middle school students performed on a number of different algebra tasks within the classroom setting.  Her overall objective was to “investigate the disparity that seems to exist in students’ abilities to solve equations, to solve word problems, and write equations from word problems” (Ricks 2013). The part of her work that most applies to my research is the evidence she obtained on a student’s ability to write equations from word phrases and real world scenarios.   The participants of this study were a mix of 6th and 7th grade students in an advanced algebra class in Louisiana. Of those students who participated in the writing expressions assignment, 16 students were sixth graders and 50 students 
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were seventh graders. In total, 66 students participated in this part of the study. There was no further demographic data given as a part of Rick’s work.  On the translating expressions portion of the study, students were asked to translate 10 English phrases into numeric expressions. Following that exercise, students were then asked to read 10 real world scenarios or word problems and create an equation that modeled the real world scenario. The results of this portion of Rick’s work I felt would be most significant to my own work because the students performed a task, which mirrored the exercises that I intended to use in my own research. It should be noted that students had prior experience in solving equations but had no previous experience translating equations except for the instruction that had been given during the 14-week study (Ricks 2013).   The results of this study showed that of the 66 students who performed this portion of the algebra tasks all 66 demonstrated that they could at least complete both of these tasks with 60% accuracy (Ricks 2013). On problems 1-10, the students who were asked to translate phrases to expressions, on average, demonstrated that they could accomplish this task with 66.5% accuracy (Ricks 2013). On problems, 11-20, students who were asked to translate a word problem to an algebraic equation demonstrated they could accurately complete this task on average 61.5% of the time. On average, students struggled more with translating a word problem then translating a phrase into a numeric expression.   In Rick’s study she did not specify what instruction during the 14-week was given to achieve the results she saw in the translating portion exercise of her study. Her study was one of the only studies I found that asked students to demonstrate an 
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understanding of a task that was very similar to the task I was asking Robert to perform. I feel that the evidence she collected will offer, at the very least, a comparison of a student’s ability translating English phrases and word problems into numeric expressions and equations. As a result, this should help us answer the question: Will practice and repetition of translation increase a student’s ability to perform these tasks? Conclusion  Through the course of the literature review I intended to examine evidence from a body of research that exposed strategies that improved or did not improve a student’s ability to comprehend word problems, assessment scores, and to translate English into algebraic sentences. Considering the questions in my study: Will repetition of translating algebraic expressions help a student demonstrate the ability to translate word problems in English into algebraic sentences on an assessment? Will lessons aimed at teaching Robert to solve proportions and linear models in the form of word problems help improve a standardized test score in math word problem comprehension? Finally, will consistent and explicit instruction to show work help improve Robert’s ability to solve word problems, linear equations, and as well help improve his score on a standardized assessment in math word problem comprehension?  In the first study Capraro and Joffrion established in their findings that there was a need for students to focus on translating of English into algebraic sentences and that understanding the vocabulary associated with translation be a means of focus in the intervention. (Capraro M. M, Joffrion H. 2006).  Vocabulary appeared to 
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stand out as a means of focus in my intervention.  L.A.M. Felix found that including real life materials such as receipts, coupons, or clothing tags did not necessarily aid students in learning vocabulary or improve the students’ post-test score. She did, however, observe that students were more engaged with these materials and these materials may aid in long-term memory retrieval. This finding supported Hartman’s study that found abstract thinking and retrieval from long-term fixed memory were two areas that affect a student’s ability to solve word problems. (Hartman P.A 2007) It seemed unnecessary to implement a self-regulation strategy with Robert or develop word problems that were in some way personalized. These strategies are beneficial, but E. Bates and L. Wiest did not find these particular strategies beneficial to improving a student’s assessment scores. (Bates, E. T., Wiest, L. R. 2004).  The strategies that appear to have the most benefit to students increasing their assessment score, increasing comprehension and ability to solve math word problems, and translation of English phrases to algebraic sentences are diagramming and using worked out examples. The work done by Bassler, Beers, and Richardson described the Dahmus and Polya methods and recommended that a combination of both may be the most effective when teaching how to solve word comprehension problems (Bassler, Beers, Richardson 1972). Since showing work was one of Robert’s deficits and was an area of focus, I arrived at the conclusion that an appropriate intervention, given the length of time of this study and Robert’s current academic abilities, should focus on vocabulary, showing work, understanding the variable within the context of the word problem, and contain oral prompts through which Robert would use worked out examples. He would use these 
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strategies to solve word problems, linear equations, models, proportions, and translate English word problems into algebraic sentences.   The following intervention took place over the course of 12 days. It is based on observations, questions, data from past literacy interventions, and a discussion with Robert’s mom as to what Robert’s particular needs might be. The following procedures describe the intervention and the methods used in implementing the strategies that appeared to be most beneficial in aiding Robert in improving his ability to solve word comprehension problems.                 
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Chapter 3 Procedures  The previous chapter summarizes the research I used to determine what I would include in the 14-day math/reading comprehension intervention with the research subject. Originally, the subject for this research was a 7th grade middle school student who was approximately at a 4th - 5th grade math/reading comprehension level. Due to uncontrollable circumstances, half way through the intervention the subject was unable to continue with the intervention. As a result, I was given a new research subject who was a high school student in need of algebra support. My original intervention had to be modified to meet the new subject’s needs and academic levels. The following is a description of the new research participant and the procedures followed through out the intervention. Description of Sample  The student who participated in this study is a black male, age 15 years 8 months old. He is entering grade 10 at Rufus King High School in Milwaukee, WI. This participant will use the pseudonym “Robert” to protect his privacy. Robert’s main area of academic concern is in algebra. In a discussion with Robert, he stated he did not know how to show his work. Showing work is an important component of math, considering many teachers give credit for showing work. Solving linear equations, linear models, and proportions all require multiple steps and procedures, which help guide the student to find the correct solution to the problem. As a result, showing work is going to be a major point of focus in this intervention. 
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 Robert began his academic career at V. E. Carter Elementary School. As a 6th grader he attended Carlson Middle School. In 7th grade he first attended Milwaukee Academy of Science School and then went on to Roosevelt Middle School. He attended Lad Lake School up until this point.   Through the years Robert attended Cardinal Stritch’s Literacy Center to strengthen his literacy skills. Records from those interventions described Robert as having an inquisitive mind and said he will ask questions to gain further knowledge. The also said he is very smart, strong willed, enjoys debate and feels free to voice his opinion. When I spoke to Robert he said he likes basketball and playing video games. Robert said he also likes history and his favorite time period to study is the Industrial Revolution. Academic Characteristics:  Robert’s posttest assessments place him at or above grade level in all areas of reading and writing. In word identification he was given the QRI high school word list and tested out by identifying 100% percent of all words correctly. A particular strength of Roberts is decoding. The Woodcock Reading Mastery Tests-Revised/NU Word Attack Test placed him above age level with an equivalency of 18-6 and grade level of 12.1. Robert’s fluency was observed when reading and he was very expressive, showed confidence and used appropriate phrasing. Vocabulary was tested using the Woodcock Reading Mastery Tests-Revised/NU Word Comprehension Test and is above grade level and tested with a 9.2 grade equivalency. In reading comprehension Robert showed approximately a 6-month gain in comprehension as tested by the QRI-5 and the Woodcock Reading Mastery 
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Tests-Revised/NU Passage Comprehension assessment. He went from a grade equivalency of 7.2 up to 7.8. No other known information regarding Robert’s academic characteristics is available. In an interview with Robert, he stated that his biggest concern was showing his work. He said, “ Teachers tell me to show my work; I don’t know how.” Information Processing Characteristics:  The following information is from my own observations while working with Robert. Robert has no known medical conditions or no known or identified information processing delays. Robert likes to be challenged but struggles to document his math work and procedures on paper. Robert has a strong visual memory. On a day-to-day basis he was able to recall the algebra expressions we translated the previous day. He was able to recall how they appeared visually once he was given the expression to translate. While working on procedures to solve algebra equations, he was not able to recall the procedure from the previous day; once the visual representation of the procedure was in front of him, he was able to remember it.  Robert answered the math survey I did with him very confidently. Implications for instruction will include providing Robert with challenging problems that cause him to think. It will also be important to supplement our time together with some discussion of history and events of the past. This will keep Robert feeling that our session together is meaningful to him so that he looks forward to our time together.  In the past Robert struggled with the meaning of words, analyzing text, evaluating and comprehending text. In 6th grade there was 
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some need for Robert to strengthen his skills in problem solving and gain proficiency while using graphs, tables and charts. Social-Emotional Characteristics:  Robert voiced his concern that his past actions, which were the reason for his placement at Lad Lake, would affect his enrollment in a good high school. I did not ask him what he did that caused him to go there. I felt that if he were comfortable, he would tell me. He did not go into further detail, so I didn’t ask him to speak on the subject any further.  He mentioned that in the past, he had a bad habit of being influenced by the wrong people. However, Robert did not display any observable social-emotional characteristics to take note of. Robert mentioned an interest in girls and asked me some questions regarding them. From my observations his attitude, actions, and interests were that of an average 15-year-old boy.  Description of Procedures  The following intervention was intended to strengthen Robert’s algebra skills along with helping him practice and better understand what it means to show your work.  The questions we intend to answer are: Will repetition of translating algebraic expressions alone help a student translate a basic word problem into an algebraic sentence? Will practice solving algebra word problems combined with instruction to show work improve a TOMA-2 standardized math comprehension test score?  The setting that the three week 14 day one-on-one intervention took place was in small quiet room with no distractions. Each session lasted 60 minutes, in which the first 10 days took place the last two weeks of summer break and the last 4 
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sessions took place during the first week of school. The first day of the intervention was used to ask Robert a few questions about his personal interests. This was done to get to know Robert and obtain insight into some ways that I maybe able to relate some of the instruction to his personal interests. I also gave him the opportunity to ask me any questions that might interest him. I gave him a short survey that was intended to check to see if his confidence in doing math problems would increase over the course of the intervention. After our discussion I explained to Robert that we would begin with a math word problem pre-test. I explained that he should work on it as long as he could and could complete the remainder of the assessment the following day. Robert worked until he completed 15 out of a total of 24 word problems.   The following day we began the session with Robert completing the remainder of the formal TOMA-2 assessment. After he had completed the assessment, I explained to him that we would begin each session with approximately 20 algebraic expression word phrases, which I had previously put onto flash cards. On one side of the flash card was the English phrase and on the back was the phrase written out as a numerical expression. On the data-recording sheet he was to look at the phrase and write down the numerical expression, then turn over the flash card and mark whether he had gotten it correct. Once he completed the 20 questions, we would work on algebra concepts until approximately 10 minutes of the session remained. The final 10 minutes he would complete the same procedure that we began the session with, except with a different 20 expressions. After a few days of translating the expressions, I observed 
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that Robert remembered them from day to day so I decided that I would have to change the expressions every few days so that my data was more accurate and reflected his learning rather than his memory. So that I didn’t have to keep making flash cards, I found a website that provided flash cards of the expressions via the Internet rather than on paper. This didn’t change the procedure in any way. Robert would go to the website, look at the virtual expression flash card, write down his translation, flip the card using the button and then mark if it was correct or incorrect on the data collection sheet. At this point I realized that this change would help improve my final results. Robert would be exposed to more types of translations, which would help him when trying to translate word problems. If I would not have discovered this change, it is likely that Robert would have had very limited exposure to translation and likely been unprepared to take an assessment on translating word problems into equations. In total, Robert repeated this procedure for a total of 9 of the 14 intervention days.   The algebra concepts covered through the intervention were proportions and proportional reasoning, combining like terms in expressions, recursive routines, solving multi-step equations, slope, and finally linear models taught in this sequence.  Pretests were not given prior to any of the concepts being taught; however, to check for prior knowledge, I informally asked Robert at the beginning of each concept if he could demonstrate an understanding of the material we intended to cover. In all cases he said he could not. I did give three post assessments through out the intervention to get an understanding of what Robert could do independently. These included an assessment on proportions, algebra, and solving 
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linear models and an assessment on translating English word problems into Algebraic sentences.  Following our completion of the survey and the TOMA-2 standardized skills assessment we began the 14-day reading/math intervention with rates and proportions. Because the intervention is intended to be reading comprehension based, it was my priority to teach algebra concepts as they applied to word problems. I decided to introduce a few strategies that might help Robert better comprehend the word problems we would be working on.  The first strategy I introduced to Robert was for him to use a graphic organizer that I created to help him organize parts of the word problem. This would also give him a good example of what it meant to show work and appropriately label the answer. We used the organizer for the first few problems, and it became apparent that Robert did not find the organizer useful. As the problems became more and more complex, it appeared that the organizer was not beneficial so I decided to discontinue its use. I also decided to discontinue the 12-step reminder sheet; however, I decided that I would verbally prompt Robert with some of the steps that were on the 12-step reminder sheet. The second strategy I asked him to use was a vocabulary organizer which helped him to define words and explain them; but because he had no deficits in reading and showed proficiency in the area of vocabulary, I only used it for the first few word problems and discontinued to use this strategy as well.  The teaching method I chose to use to explain each of the concepts covered was a clear example of how to successfully complete the problem and then let Robert attempt the 
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problems independently while I prompted him verbally and asked him questions to guide him to successfully complete the problems.  This method was based on the research done by W. Carroll, which demonstrated in his study that students found more success when given examples of correct solutions and procedures to solve the problems (Carroll 1994). This changed somewhat from concept to concept but in most cases working through problems followed a procedure similar to this.  I would begin by modeling the problem by reading the problem out loud and then ask myself some questions to help clarify the problem. What are the variables? What is it that we are trying to find? What is the label that will accompany the answer? Are there any words I don’t understand? What information is in the problem that will help me solve the problem? What have I learned or what do I already know to help me solve the problem? What words suggest a procedure we could use to solve the problem? I would then demonstrate an example of solving the problem with the correct work and label. Once we completed the first example, I would give Robert a similar problem to work on.  If he got stuck or asked a question, I would use these questions or similar types of questions to guide and prompt him to find the next step on his own. I might tell him to reread the question, ask him what label would accompany the solution, and ask what procedure did he use in the previous types of problems. Throughout the entire intervention this was the procedure I used to teach each topic we covered.  On the posttest assessments and the TOMA-2 posttest I would answer his questions or remind him with the same types of prompts I described earlier. Robert 
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asked very few questions and ultimately I had to do very little to remind him of what to do next.  It became apparent that he would often need a little jump-start or spark to move forward. Usually he would only ask one or two questions and then work through the remainder of the problems independently. Once Robert completed a posttest, I would correct it that night and the following day I would go through the problems with him and make corrections. The post-test provided the data to determine what Robert could do independently and if he was ready to move onto the next concept. Data was collected using a number of different methods and was dependent on the topic and activity Robert was performing.  Description of Data Collection  Data collected and the method used to collect it varied depending on what Robert was working on. Through out the 14-day intervention the majority of the data could be classified as qualitative but included quantitative data as well. This included my observations of Robert as he progressed through out each session. I did not document or write down our interactions throughout each session.  The data I used to guide my instruction was from the observations of the work he completed on a day-to-day basis. The quantitative data I collected would come from the 9 days of repetitive translation, the TOMA-2 pretest and posttest, and the posttests I gave Robert once we concluded each topic. My reasoning for collecting data as I did and the methods I used was a result of my feeling that this intervention should model as closely as possible a classroom setting and the methods that Robert would be assessed with in the high school setting.   
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Conclusion  Robert is a very smart young man. Because he had no deficits in reading, writing, or in math, with the exception of his lack of exposure, it was determined that during this intervention Robert should feel as much like a student in the normal classroom setting as possible. I decided this because I wanted the environment to be as relaxed, enjoyable, and comfortable as possible. I felt like Robert would demonstrate the most accurate representation of who he was as a student and his abilities if he felt he was in a setting he was used to. I did not want to give him the impression that he needed to act or respond in a way that was not his normal self or give an inaccurate representation of his abilities. What that means is that I did not want him to try harder than he normally would or perform in any other way than what he normally would. I felt that this would give the most clear and accurate results of the data being analyzed.                      
 45 
CHAPTER 4  Results   This case study intended to examine two questions: Will repetition of translating algebraic expressions alone help a student translate a basic word problem into an algebraic sentence? Will practice solving algebra word problems combined with instruction to show work improve a TOMA-2 standardized math comprehension test score? Though these were the main two questions we intended to answer, a main objective of this math literacy intervention was to increase Robert’s math deficits in algebra. Throughout Chapter 4 we will examine the data that was collected during the case study and objectively summarize the results of Robert’s experience and analyze the effectiveness of our 14-day Math Literacy Intervention.  Repetition: Translating Expressions and Equations Assessment  The first question and primary focus of our intervention sought to determine if repetition of translating simple expressions would help Robert to successfully translate a basic word problem situation into an algebraic sentence. In total, as seen in Table 4.1 in red Robert translated a total of 320 expressions. It was apparent after the first four days of practicing the same translations that Robert could recall his translations from the day before and was relying on recollection to perform the translations. Table 4.2 below shows more specifically the results of Robert’s practice. It is apparent that over the course of the first four days his average percentage of correct translations increased from 78% to 95%. On the fifth day, I changed the translations and he performed a total of 24 translations; as a result his 
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average percent correct fell to 83%. This was expected since he had not performed these translations before and was no longer relying on his recollection to translate them correctly. The next four days, he performed the same 40 translations each day, in a different order, but different once again and more complex translations from the days prior. His translations and the complexity of each translation can be seen in the Appendix. Once again you can see that his average percent correct began with 63% correct and over the course of three days increased to an average of 93% correct. The final day, when I gave him a total of 16 translations; all different from the previous eight days, he demonstrated an average percent correct of 94%. This was his highest average of all his days translating expressions. It is interesting to note that some days the second time translating the expressions he scored a lower percent correct from the first time he did the translation 40 minutes earlier.  




             
Daily Practice of Repetition: Translating English Phrases to Mathematical Expression Date 30-Jul 31-Jul 1-Aug 2-Aug 5-Aug 6-Aug 7-Aug 9-Aug 12-Aug No. of Translations 20 20 20 20 20 20 20 20 12 12 20 20 20 20 20 20 8 8 Percent Correct 70 85 80 75 100 90 100 90 75 92 60 65 100 80 95 90 100 88 Ave. Percent Correct 78% 78% 95% 95% 83% 63% 90% 93% 94% Note: Practice was completed 2x per day, the first 10 minutes and the last 10 minutes. The same colors represent the use of the same phrases.  
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 Two days prior to being assessed he translated 30 basic word problems as noted in blue in Table 4.1 into algebraic equations, in which he received instruction on the vocabulary “is” and “equals” that translated into an “=” sign in the numeric sentence.  Robert’s translations can be seen in the Appendix. Two days later, Robert’s assessment consisted of 10 basic word situations that were to be translated into algebraic equations. These situations were unlike the 30 practice problems and were more detailed, longer in length, and did not focus on “is” or “equals” as a way to determine what one side of the equation was equal to. I left a day in between practice and the assessment in an attempt to get Robert to use his reasoning skills rather than fall back on his recollection of the practice. When Robert took the assessment, he completed two problems and asked if he was performing the translations correctly. At this point I reminded him of our practice two days earlier and explained to him that he needed to identify where the “=” sign fell in the situation and that he needed to translate the remainder of the situation into an algebraic expression. He adjusted his first two translations and completed the remaining eight problems independently. In total, Robert translated 8 out of 10 problems correctly, or 80%, which can be seen below in Table 4.3 in blue.  
Table 4.3 
Assessment scores through out 14-day intervention   Pretest Posttest TOMA-2: Percent correct without ceiling 64% 64% Proportions 67% 83% Algebra 56% 100% Translation of Equations 80% (no pretest) Solving Linear Word Problems 85% (no pretest) 
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TOMA-2: Pretest and Posttest Assessment  The second question this case study intended to answer was: Will practice solving algebra word problems combined with instruction to show work help improve a TOMA-2 standardized math comprehension test score? The data used to make this determination was taken from the results of Robert’s TOMA-2 pretest and posttest scores and evidence of showing his work throughout the intervention. It is important to remember that specific interventions were not put in place to help Robert solve the problems that were on the TOMA-2 word problem comprehension assessment. Throughout the intervention Robert was instructed to show his work, concentrate on the variables within the problems we worked on, use the provided examples I gave him to help solve the problems, and use some of the prompting questions I gave him. Robert was able to ask me questions through out the intervention, while practicing, and also during the assessments. Examples of Robert’s work can be seen in the Appendix. My responses were contained to verbally reminding him of our prior work. For example, if he asked whether something was correct, or he said he was lost or didn’t know what to do, I would respond with questions similar to: “ What are the variables in the problem? Did you read it a second time? Is that the format we use to solve a problem like that? What is the problem asking you to find?  I used these same questions through out the intervention as prompts and as a means to get Robert to engage his memory and past experience with solving word problems.   When Robert took the TOMA-2 pretest assessment, he showed his work on two problems and worked through the remaining problems in his head. It appeared 
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that in some cases he was making estimates rather than trying to find exact solutions. Once Robert reached the end of the assessment, he responded that he didn’t know how to do them and wrote down a guess for the last five problems. Robert’s scores on the pretest can be seen below in Table 4.4.  
Table 4.4 
TOMA-2 Test of Mathematical Abilities-Subtest: Story 
Problems   Pretest Posttest Raw Score 15 13 Percentile 84 63 Standard Score 13 11 Descriptive Rating Above Ave. Average Age Equivalent >18 16-6 Grade Equivalent >12.2 10.8  For examples of his work refer to the Appendix.  Robert achieved a raw score of 15, which placed him in the 84 percentile. A scoring ceiling is used so this does not account for the total number of problems Robert had solved correctly. His standard score was 13 and as a result he was described as being Above Average, had an age equivalent of greater than 18, and a grade equivalent of greater than 12th grade. This can be seen under pretest in Table 4.4.   Robert’s posttest scores were slightly below that of the pretest scores. Because a scoring ceiling is used on a standardized test, these scores do not take into account that Robert was able to attempt to solve and correctly solve a few of the more difficult problems that he did not attempt on the pretest. On the posttest, Robert achieved a raw score of 13 correct problems and a standard score of 11. This placed him at the 63 percentile and was described as Average. Robert’s scores 
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placed him at an age equivalent of 16 years and 6 months of age with a grade equivalent of 10.8. Robert’s posttest scores place him very close to his actual age and grade. Refer to Table 4.3 and compare Robert’s pretest and posttest score. Looking at the assessment score without a ceiling shows that Robert achieved 63% total correct on both the pretest and the posttest. This is a result of Robert being able solve some of the more difficult problems at the end of assessment.  Assessment of Algebra Skills   The main objective of this intervention was to strengthen Robert’s algebra skills and expose him to some of the main concepts covered in a high school algebra class. These skills all connected to the Common Core Standards and were skills that Robert would be revisiting in later math classes. Table 4.1 shows the approximate number of practice problems that Robert worked on through out the intervention. Of the concepts we covered, I primarily focused on proportions/rates, balancing equations, and solving linear models. I included proportions and rates in a post assessment along with balancing equations. Solving linear models was the last concept we worked on and no pretest was given. The scoring method I used varied depending on the problem, and I scored Robert based upon how I thought teachers might score Robert on future assessments in other classes. The percentiles I am reporting are not normalized or standardized or in some cases may not be exact comparative measures. These percentiles are descriptors I used with Robert so that he could make a comparison to other grades and other assessments that he may have taken in the past. The percentages reported in this chapter are the percentages I reported to Robert to help him gauge his progress. To get an accurate measure of 
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Robert’s growth from concept to concept it is best to review his work located in the appendix.   In some cases, certain skills needed to be taught prior to another skill in order for Robert to solve a problem. For example, Robert needed to understand how to solve a basic linear equation using the balancing method before being able to solve a linear model problem. As a result, a certain amount of time needed to be dedicated to teaching the procedural steps to solving a numeric sentence. Once Robert showed a strong enough understanding of the procedures needed, we would move on to applying that procedure and skill to a word comprehension problem.   Rates and proportions were the first skill that Robert and I worked on. On the first assessment, which can be seen on Table 4.3, Robert achieved 63% on the rates and proportions assessment. Robert was instructed to correctly label his solutions, which he forgot to do and as a result scored lower on the assessment than what he should have. Refer to the Appendix, you can see that Robert correctly found the solution and demonstrated the correct use of all the procedures I taught him; however, because correctly labeling work was specific to our instruction I deducted points for him forgetting to do so. At the end of our 14-day session I gave Robert a posttest, which included rate and proportion problems. While Robert worked through these problems, he asked if he was doing them correctly. I asked him similar prompting questions as before and this helped him to recall our past work.  Table 4.3 shows that on the posttest he achieved 83% correct. The questions on the pretest and the posttest were scored alike. I looked at three things: Was the problem set up correctly, was the correct procedure used to solve the problem, and lastly did 
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he get the correct answer and was it labeled correctly? Robert’s pretest and posttest work can be seen in the Appendix.   The second skill Robert was assessed on was his ability to solve multistep equations using the balancing method. Robert practiced simplifying expressions, combining like terms, and solving multistep equations prior to being assessed the first time. We focused heavily on procedure, showing all steps, and well-organized neat work. When Robert was assessed the first time, he achieved 56% on the assessment, which included simplifying expressions, solving multi-step equations, and finding slope. Following his first assessment, we went over the assessment and made corrections. Robert practiced these skills once again prior to being instructed on linear models. Because we spent the least amount of time on slope, I did not retest Robert a second time on this skill. I did include two problems on his final assessment to reassess his balancing skills. He completed both problems with 100% accuracy, which demonstrated a strong ability to balance a multi-step equation. To make a more accurate comparison to Robert’s pretest balancing skills and posttest balancing skills, Robert was given a score of 62% specifically on the balancing equations portion of the assessment. This is a more accurate score than the 56% score because it accounts for Robert’s entire performance on the assessment. If a comparison is to be made of his pretest balancing skills and posttest balancing skills, it can be seen that Robert improved from 62% up to 100% on his ability to balance equations.  The last and final skill Robert and I worked on was solving linear models. These were multistep problems and usually consisted of 3-4 parts all connected to 
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the scenario presented. Robert’s ability to solve a linear model problem was dependent on all the skills that Robert and I worked on. He needed to be able to read the problem, identify the variables, create a linear equation and solve it using the balancing method. He also needed to substitute values into his equation and solve it to answer the questions correctly. Because of the time limit associated with this intervention, it was not possible to retest Robert’s skills on solving linear models. Robert was assessed with two problems each consisting of a scenario and four questions following the scenario. Robert needed to create a linear equation using the information provided by the scenario and then use that equation to answer the next three questions. While Robert was assessed, he asked me questions about the problem. I continued to respond to his questions with questions that prompted him to recall our prior work and the steps needed to answer the questions correctly. Table 4.3 shows that Robert received an 85% on the final assessment. For further details and specifics about how Robert performed on each linear model word problem his final assessment can be reviewed in the Appendix.  Conclusion  This chapter reviewed the data that was collected as a result of the 14-day math literacy intervention. The first question: Would repetition of translating simple expressions help Robert to successfully translate a basic word problem situation into an algebraic sentence? In conclusion, Robert demonstrated on his final assessment that he could translate a basic word problem scenario 8 out of 10 times or with 80% accuracy by repeatedly translating simple expressions from words to numeric sentences. The second question: Will practice solving algebra word 
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problems combined with instruction to show work help improve a TOMA-2 standardized math comprehension test score? Robert’s pretest standard score was 13 in comparison to his posttest score of 11. The data presented here shows that Robert’s standard score decreased by two points when scoring the TOMA-2 using the scoring ceiling. When the scoring ceiling is not used, Robert’s total percentiles correct on both pre and posttest assessments were 63%. Finally, I asked if Robert had made gains in the foundation of his algebra skills through out the 14-day intervention. Though the percentiles reported by Robert’s assessments varied and no standard method of rating Robert’s progress on these skills was employed, Robert demonstrated gains in his ability to solve proportions as they applied to word problem scenarios, accurately demonstrated an ability to balance a multistep equation with neatness and organization, and finally solve a linear model word comprehension problem involving the creation and solving of a linear equation.   The next chapter connects the data that I have presented here to the research review done in Chapter Two. It will also offer further explanation of the data and results presented in this chapter. In conclusion, I will present a synthesis of Robert’s 14-day intervention and add to the overall body of knowledge currently available on math comprehension literacy.       
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Chapter 5 Discussion  In Chapter 4, I reviewed the results of Robert’s assessment data. Data was collected throughout the intervention and determined if Robert demonstrated any academic gains as a result of the 14-day case study. The results from Robert’s assessments aimed to answer the three major underlying questions outlined in the previous chapters.   In this chapter, I will reexamine some of the research that led to the planning, creation, and implementation of this 14-day intervention. The math content covered over the course of the study and the results of Robert’s assessment data will be connected to State Common Core Standards.  Finally, the results of the intervention and data from Chapter 4 will be revisited and analyzed further to discuss the strengths and limitations of this study. To complete this action research project, the findings discussed through out the case study will by used to make a number of recommendations for Robert for his continued success in the field of mathematical literacy. Connection to Existing Research  In Chapter 2, I reviewed 12 studies that examined existing research that had been done in the field of math comprehension literacy. In my examination of existing research, I was unable to find a similar study that assessed translating English word phrases into numeric expressions and how repetition of this exercise would impact a student’s ability to translate a basic word problem into an algebraic equation. In some cases the research reviewed either gave evidence of strategies 
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that appeared to show positive growth given the assessment data and other studies that showed strategies that may not have been effective. There were, however, a number of studies within Chapter 2 that did help me formulate a plan that would help guide me to implementing a successful 14-day intervention that would be effective in helping Robert make academic gains in the area of math literacy and contribute to the overall existing pool of research in the math literacy field.  One of the studies researched was by B. Banerjee (2010) and evidence from his study pointed out that focusing on vocabulary can aid and improve a student’s ability to solve math comprehension problems. The evidence from this study led me to focus on vocabulary throughout the intervention. Vocabulary within the context of the word problems along with the vocabulary associated with the translation of English to numeric sentences was a major focal point of this investigation.  A second study by W. Carroll(1994) assessed whether worked out examples aided a student’s ability to translate English word phrases and solve linear models. This particular case study related specifically to my own research and became the evidence I used to determine how I would conduct the majority of the instruction I used with Robert. The repetition of translating phrases was a repeated practice of seeing, reading, and writing translations with the use of previously worked out translations. The main strategy I used to teach Robert the algebra concepts we covered was largely through the use of worked out examples. This is especially apparent viewing Robert’s progress from the beginning of balancing an equation to his final assessment on balancing equations. This can be seen in the Appendix. A third study described two methods: the Polya method and the Dahmus method. This 
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research further convinced me and helped to describe what my own intervention should be.   Otto Bassler, Morris Beers, and Lloyd Richardson (1972) described and conducted a study, which assessed two methods. The Polya Method can be described as a strategy that looks at the entire problem and requires understanding the variables, rereading, understanding what the question is asking, writing an equation and solving it find a solution to the problem. The Dahmus method is direct translation of word phrases within the context of the word problem, writing an equation as a result of the translation of vocabulary and numeric data, and solving the equation to find the solution. According to this study a person could say that I used strategies very similar to the Polya Method as a means of instructing Robert in this intervention. It could also be said that the method I chose for Robert to learn translating English phrases to numeric sentence could be categorized as the Dahmus Method. Bassler, Beers, and Richardson (1972) suggested a combination of these methods maybe most beneficial to teaching how to solve word comprehension problems.   In the last study I examined, I used as a comparative study since the exercises Danielle Ricks (2013) did in her research nearly mirrored the tasks I was asking Robert to perform.  Her research was the only research I was able to obtain that asked a population of students to translate an English phrase into a numeric expression and also translate a simple word problem into an algebraic equation. The purpose of her study was to discover how well students could perform these tasks. Her research showed that the students she assessed on these two skills could 
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perform these two skills with at least 60% accuracy (Ricks 2013). On average, she found students could translate expressions with 66.5% accuracy. She also found that students could translate word problems into algebraic equations with 61.5% accuracy. (Ricks 2013) I was especially interested in her research because not only did it show that this was an area of need within the field of math literacy, but the results of my own research could add to research being done in the field of math literacy.  My intention was to investigate a strategy that may help improve this deficit, and improve a student’s ability translate and write algebraic equations from word comprehension problems.  Connection to Common Core State Standards   During the 14-day math literacy intervention, three Common Core Standards were covered. The Common Core Standards are responsible for driving the algebra curriculum being used by Robert’s current school. A major focus of this intervention was for Robert to demonstrate some level of proficiency in all three standards. As a result, the material covered through out the intervention needed to meet the Common Core Standards. The first standard we worked on was: “Recognize situations in which one quantity changes at a constant rate per unit interval relative to another.”(Common Core 2010) Robert demonstrated proficiency on this standard on one or more occasions as we worked on rates and proportions. See Appendix for Robert’s work on problems dealing with proportions.  The skills Robert and I worked on next were covered by two standards. The two standards covered were: “Create equations and inequalities with one variable and use them to solve problems. Include equations arising from linear and quadratic functions,“ and 
 60 
“Interpret the parameters in a linear or exponential function in terms of a context. (2010) Robert also demonstrated proficiency on these two standards as well. The Appendix can be referred to for examples of Robert’s work on solving multi-step equations, creating equations and solving them in terms of a context. Robert asked a number of questions while he worked through the questions on his assessment. If I were to grade Robert using scores currently in use by Robert’s current school: advanced, proficient, basic, minimal as they apply to the state standards, I would have scored him proficient on all three standards. For Robert to receive an “advanced” score on these standards I would have expected him to work through the problems without any questions and complete them independently. In the future, if Robert were to continue his work on these three standards, he would be a short way from demonstrating an advanced understanding of the concepts covered through out the 14-day math literacy intervention.  Explanation of Results  The objective of this case study was to answer two questions: Will repetition of translating algebraic expressions alone help a student translate a basic word problem into an algebraic sentence? Will practice solving algebra word problems combined with instruction to show work improve a TOMA-2 standardized math comprehension test score? Though these were the main two questions we intended to answer, a main objective of this math literacy intervention was for Robert to demonstrate a proficient understanding of three Common Core Standards.   The results of Roberts work on translating English phrases to numeric expression and then being assessed on writing an equation from a simple word 
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problem showed that repetition did in fact appear to help Robert create an equation from a simple word problem. The result of Robert’s assessment was scored on a basic 0-10 scale. He was given 10 simple word problem scenarios to translate into equations. Partial credit was not given for any of the 10 questions. Robert wrote two incorrect equations, as a result received 80% correct on his final assessment. His final assessment can be seen in the Appendix along with examples of the repetition practice Robert completed throughout the intervention.   The second question: Will practice solving algebra word problems combined with instruction to show work help improve a TOMA-2 standardized math comprehension test score? The results provided by Robert’s pretest and posttest scores on the TOMA-2 word problem subtest would show that the algebra practice and translation practice did not appear to help Robert improve his TOMA-2 score. Each problem on TOMA-2 subtest is scored either as correct or incorrect and scored using a scoring ceiling. If the student gets three incorrect answers in a row, the remainder of the TOMA-2 is not scored. The total number correct prior to reaching the ceiling is scored as the Raw Score. Robert received a raw score of 15 on his pretest and a raw score of 13 on his posttest. If a scoring ceiling had not been used, Robert would have correctly answered 16 out of 25 questions on both the pretest and the posttest. Robert was able to correctly answer a few of the more difficult questions on the posttest. I felt this could have been a result of him showing his work or working through the proportion and word comprehension problems through out the 14-day intervention. He showed his work on the posttest and it appeared that he made a more substantial attempt to find a solution to the later 
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problems on the posttest when compared his work to that of the pretest. When considering Robert’s performance on the posttest, I spoke to him two days prior to him taking the posttest and he explained to me that he had begun his first day of school at a new high school. The day he took the posttest he seemed to be in a rush and was anxious to get done with the intervention. He showed some signs of anxiety and I could tell that he wasn’t completely focused on doing his best work. Robert made a number of simple mistakes and misread some of the easier questions that he got wrong. I felt that given different circumstances Robert might have performed equally as well or slightly better on the posttest.   The results of Robert’s scores on his algebra assessments show that he did demonstrate an understanding of the three Common Core Standards we covered through out the intervention. The percentiles reported in Table 4.3 are quantified percentiles that I reported to Robert to give him an indication of his performance on the entire assessment, not each individual skill. I wanted him to see a percent that he could understand given past experiences in school. The percentiles were not normalized and the assessments were not duplicate pretests and posttests. The assessments given contained problems with different content and the pretest and posttest contained a different number of problems being assessed.  The percentiles given did accurately represent the improved growth of the specific content being assessed. When assessed on proportions, Robert showed an improved percent of 67% up to 83%. On the balancing equations portion Robert went from 63% up to 100% on the posttest assessment.  If I were to grade using Common Core Standards, the scores could be looked at using these descriptors. Grading using the Common 
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Core asks for multiple opportunities to demonstrate understanding of each standard. Standards are also graded using descriptors such as advanced, proficient, basic, or minimal understanding. Grading within the Common Core has not been normalized and, in my experience, teachers’ practice of grading within the Common Core varies greatly. On Robert’s first assessment of algebra concepts, he was assessed on proportions, simplifying expressions, balancing equations, and finding slope. On the posttest he was assessed on proportions, balancing equations and linear models. By retesting Robert on these concepts, I gave him multiple opportunities to demonstrate his understanding of these concepts. If I compare the work he did on balancing equations from his pretest opportunity to his posttest opportunity, I can see the improvement that he made. If I were to use descriptors used with the Common Core, it could be said that he went from a minimal/basic understanding up to a proficient understanding of balancing equations. When looking at his work specifically on proportions from the pretest opportunity to the posttest opportunity, Robert could have been given a basic/proficient understanding of proportions in both cases. When Robert was reassessed on proportions it was apparent that he had not retained a full understanding of our past work. He asked questions and it appeared that he couldn’t remember exactly what to do solve a proportion problem. I gave Robert no specifics but asked him questions to help him recall how to solve the problem. If Robert was unable to ask questions and been asked to complete the problems completely independent of asking questions, he would have demonstrated a less complete understanding of the problem. Robert was only assessed on linear models on the final assessment. A 
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longer intervention would have been needed to reassess these skills. If I used a descriptor to assess his linear model solving ability, he would have been given a basic/proficient understanding of these skills. This descriptor could be compared very closely if given a numeric score to Robert’s percentile score of 85%. Similarly to Robert’s work on proportions, if Robert had been unable to ask questions, he would have demonstrated a less complete understanding of these skills.   The results of this intervention have been discussed in the previous section. It is important to raise a number of questions about the validity of the strategies, grades, and scoring methods used to determine Robert’s growth as a result of this intervention.  The next section will discuss the strengths and limitations of this intervention and offer recommendations for Robert to improve on his math Literacy skills.  Strengths and Limitations  The 14-day intervention Robert participated in had strengths as well as weaknesses. Overall, the amount of algebra content covered and number of objectives we tried to complete was manageable, but perhaps not ideal. The strengths and limitations should be discussed in relation to each objective we worked to complete.   The repetition of translation portion of the intervention was consistently implemented on a daily basis. The translation data was recorded consistently and documented to show what translations Robert was performing. A major strength was that the repetition of translating expressions did help him to translate a basic word scenario into an algebraic sentence. Robert’s ability to remember the 
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translations on a daily basis was not accounted for when this part of intervention was devised. This caused me to have to find new expressions to translate which were at times either more difficult or simpler translations. Also the number of translations Robert was performing varied along with amount of time he spent translating the expressions. This experience could be seen as either strength or a limitation of this intervention. My recommendation for further studies using repetition of translation would be to use a consistent number of translations on a daily basis, translate the same expressions a consistent number of days, and categorize translations using a rubric to denote difficulty of translation. The means by which Robert did translations also varied; the first 4 days he used paper flash cards, but after that he used computerized flashcards that could be flipped on the Internet. I would also suggest that only one method of viewing the translations be used to remove any discrepancies in the study. By using these suggested methods, a larger number of conclusions can be made and analyzed to further investigate the benefit that repetition plays in a students ability to translate English word phrases into numeric equations.  The TOMA-2 Word Comprehension Subtest was given at the beginning the intervention and also at the end of the intervention. A strength is that this is a standardized test with normalized scores so the pretest and posttest scores can be compared to determine Robert’s actual ability as described by the results of this assessment. A limitation was that Robert took the posttest two days after he started high school. He took the posttest after the school day had ended between 4:00pm – 5:00pm. This was completely unlike the day he took the pretest. Robert took the 
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pretest during a summer’s day, after a game of basketball between 4:00pm – 5:00pm. Robert likely had used huge amounts of mental energy through out the school day and must have had a lot on his mind. This likely accounted for his observed inattentiveness, and appearing very rushed. As a result, it is difficult to say if Robert had taken the assessment under the same circumstances how well he might have done on the posttest.   Robert demonstrated a basic to proficient understanding of nearly all the concepts covered within the 14-day intervention. A major strength of this intervention was that Robert was exposed to a large number of algebra concepts and demonstrated a strong understanding to be able to use these skills in his later math courses.  A limitation of this study was that Robert and I covered large number of concepts and it was difficult to focus on a specific strategy that might help Robert make gains. The fact that I had to cover many different topics and skill sets made it difficult to use one teaching strategy, which could be tested to see if it was an effective strategy to use. This was why I focused on showing work as a strategy along with Robert telling me that he did not understand what showing work meant. Another limitation of this part of the intervention was that when Robert asked questions while taking his assessments, I did not record or document what questions he asked or in turn what questions I asked him to help him recall what he had to do to solve the problem. As I stated in the previous section, if I had not allowed Robert to ask questions, he would have demonstrated a less complete understanding of the material covered. This leads to questions pertaining to Robert’s independent skill level and to the accuracy of the scores he received. In the 
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future, I would have documented those questions and created a rubric that I could apply to the assessment questions so that I could remove subjectivity from this part of the study. I also felt that to give more accurate results of Robert’s scores the pretest and posttest should have the same number of questions so a more accurate comparison of his gains or deficits could be made. By following these recommendations a more detailed analysis could be made of the benefits of this part of the intervention.  Recommendations  Robert, throughout the 14-day intervention, demonstrated a strong ability to be a successful math student in his pursuit for growth in the field of mathematics. He should continue to take high-level math courses through out high school as a means of preparation for an academic career in post-secondary education. At the present time Robert would benefit from more one-on-one help, such as after school tutoring or math workshops to help him improve his math literacy. Because Robert is at grade level or above grade level in reading ability, he should take advantage of his strengths and focus on solving word comprehension problems. This will help him improve on his ability to solve higher-level application problems in his current math course.   Robert has demonstrated that he could be easily distracted, rushed, may not show his work, or show well written, legible or well organized work. Teachers should give him explicit directions to show work and give him examples of well-organized, high quality well done solutions to problems. To conclude, teachers should help Robert to solve problems by asking him questions that jog his memory 
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and help him recall how to perform certain math procedures and operations. This will be especially important for long problems with five or more steps or word comprehension problems that have multiple parts and multiple answers.  Conclusion  I would like to thank Robert for his participation in this 14-day action research case study. Robert demonstrated a strong ability to translate English phrases, words, and problems into numeric expressions and algebraic sentences. He was able to make connections and demonstrate skills in algebra that I felt were at an above-average level. Though it was difficult to say if this intervention helped Robert improve a TOMA-2 standardized test score, he completed the pretest and posttest with scores that place him at or above age and grade level in both instances. Finally, Robert completed a rigorous 14-day algebra intervention with diligence and hard work, regardless of his gaining nothing other than academic knowledge he would use in the future. As a result, he demonstrated a proficient understanding of some of the more difficult standards taught in a beginning algebra class. In the future, Robert should continue to seek out opportunities to expand and practice his English and math literacy skills in order to reach his full potential as student headed for a post-secondary education.       
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Appendix B: Data Collection and Repetition  Example: Day 1-4 Example: Day 9 
   Appendix C: Problem Solving Steps 
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Appendix C:  Vocabulary Organizer 
  Appendix D: Word Problem Organizer 
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Appendix F: Balancing Equations Practice  
        Appendix G: Balancing Equations Final Assessment 
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Appendix H: Algebra Assessment #1 
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Appendix I: Translating Simple Word Problems Assessment 
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Appendix J: Linear Models Assessment Page 1 Page 2 
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Appendix K: Reassessment of Proportions and Balancing 
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Appendix L: TOMA-2 Pre and Post assessment examples Pre-assessment Questions 22-25 Post-assessment Questions 22-25 
    Appendix M: Common Core Math Standards CCSS.Math.Content.HSF-LE.A.1b Recognize situations in which one quantity changes at a constant rate per unit interval relative to another Interpret expressions for functions in terms of the situation they model.  CCSS.Math.Content.HSF-LE.B.5 Interpret the parameters in a linear or exponential function in terms of a context. Create equations that describe numbers or relationships.  CCSS.Math.Content.HSA-CED.A.1 Create equations and inequalities in one variable and use them to solve problems. Include equations arising from linear and quadratic functions, and simple rational and exponential functions.  
